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[TITLE OF THE INVENTION]: HYDROGEN PLASMA PROCESSING UNIT 

AND HYDROGEN PLASMA PROCESSING METHOD 

[ABSTRACT]: 

[PURPUSE] : To provide a hydrogen plasma processing unit having 
a faster speed as well as a hydrogen plasma processing method. 
[STRUCTURE] : 

There is to provide a hydrogen plasma processing unit 
including a substrate holder that supports the substrate, and 
which doubles as a high-frequency electrode for generating 
plasma in a vacuum chamber charged at least with a hydrogen gas, 
as well as a hydrogen plasma processing method in which 
high-frequency power is applied to a substrate holder that 
supports the substrate in a vacuum chamber charged at least with 
a hydrogen gas, thereby generating plasma to do hydrogen 
processing. Since the density of charged particles (electron, 
ion), the energy of the charged particles colliding into the 
substrate, and the like can be controlled near the substrate, 
it is possible to increase plasma density, and to raise the 
energy for reaction on the surface of the substrate. 
[CLAIMS] : 

[CLAIM 1] A hydrogen plasma processing unit comprising a 
substrate holder that supports the substrate, and which doubles 
as a high-frequency electrode for generating plasma in a vacuum 
chamber charged at least with a hydrogen gas . 
[CLAIM 2] A hydrogen plasma processing method in which 
high-frequency power is applied to a substrate holder that 
supports the substrate in a vacuum chamber charged at least with 
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a hydrogen gas, thereby generating plasma to do hydrogen 
processing. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[APPLICABLE INDUSTRIAL FIELD] 

This invention relates to hydrogen plasma processing units 
and hydrogen plasma processing methods for TFTs and the like 
formed by using a non- single crystalline semiconductor that is 
prepared in advance on a dielectric film such as a dielectric 
transparent substrate . 
[0002] 
[PRIOR ART] 

There exist many dangling bonds in a non- single 
crystalline semiconductor film such as an amorphous silicon 
thin film, a polycrystalline silicon thin film, and the like. 
For example, with respect to a polycrystalline silicon thin film, 
defects such as dangling bonds and the like that exist in a 
crystalline grain boundary become a carrier trapping level, 
thus acting as a barrier in conduction of carriers. (J. Y. W. 
Seto, J. Appl. Phys., 53(2), pll93(1982). Accordingly, in 
order to improve the performance of a polycrystalline silicon 
thin film transistor, it is necessary that the above defects 
be reduced. (J. Appl. Phys., 53 (2), P1193 (1982). As a method 
for that, a hydrogen plasma processing method is best known. 
A description of a unit that is to perform this function is given 
below by referring to drawings. A typical view of a 
conventional unit is shown in Fig. 3. Installed in a vacuum 
chamber 1 are a substrate holder 3 that supports a substrate 
2, and in parallel to it, a high-frequency electrode 11 with 
a dielectric object 12 intervening between itself and ground. 
A high-frequency power supply is connected to the 
high-frequency electrode 11 via a high-frequency matching 
circuit 6. This is a system as well as a processing method as 
seen in a usual PCVD unit adapted such that after the chamber 
is evacuated via an exhaust port 7 , the substrate 2 is heated 
by a heater 9 up to a specified temperature, a process gas 
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containing at least hydrogen is introduced into the vacuum 
chamber 1 from a gas input port 8, and high-frequency is applied 
to the high-frequency electrode 11, thus generating plasma to 
do processing. 
[0003] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

However, in the above conventional technique, since the 
counter electrode that generates plasma and the substrate are 
apart from each other, controlling the density of plasma, the 
electron to accelerate the dissociation of hydrogen molecules 
adhering to the substrate, and ion impact energy near the 
substrate, which would possibly contribute most to the 
improvement of the hydrogen plasma processing speed, is 
difficult to do, thus presenting the problem of the processing 
speed getting slow. 
[0004] 

Accordingly, the present invention deals with the 
solution of such a problem, aiming at providing a hydrogen 
plasma processing unit having a faster speed as well as a 
hydrogen plasma processing method. 
[MEANS TO SOLVE THE PROBLEMS] 
[0005] 

A hydrogen plasma processing unit according to the 
present invention has a vacuum chamber charged at least with 
a hydrogen gas, in which a substrate holder that supports the 
substrate doubles as a high-frequency electrode which generates 
plasma . 
[0006] 

A hydrogen plasma processing method according to the 
present invention has a vacuum chamber charged at least with 
a hydrogen gas, in which high-frequency power is applied to a 
substrate holder that supports the substrate, thereby 
generating plasma to do hydrogen processing. 
[0007] 

[OPERATIONS] 

In the structure of the present invention, high-frequency 
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power is directly applied to the substrate holder that supports 
the substrate to control the density of charged particles 
(electron, ion) , the energy of the charged particles colliding 
into the substrate, and the like near the substrate, thus making 
it possible to increase plasma density and raise the energy for 
reaction on the surface of the substrate. As a result, the speed 
of hydrogen plasma processing can be enhanced. 
[0008] 

[EMBODIMENTS] 

A detail description of the present invention will be 
given below by referencing drawings. Fig. 1 is a typical view 
of an embodiment of a plasma processing unit according to this 
invention. A substrate holder 3 that supports a substrate 2 
is installed inside a vacuum chamber 1 via a dielectric object 
4. To the substrate holder 3, a high-frequency power supply 
5 is connected via a high-frequency matching circuit 6. Such 
a simple structure is a big advantage to the plasma processing 
unit of this invention. 
[0009] 

The processing method, first, heats the substrate with 
a heater 9. A high-frequency cut filter is inserted in the 
heater 9 ' s power supply line so that it is not influenced by 
high-frequency. When the substrate has reached a specified 
temperature, the vacuum chamber 1 is evacuated through an 
exhaust port 7, and a process gas containing at least hydrogen 
is led in from a gas input port 8. Flow control and pumping 
speed control (not shown) is exercised so as to gain a specified 
pressure. While maintaining this state, the high-frequency 
power is applied to the substrate holder 3 from the 
high-frequency power supply 5 via the high-frequency matching 
circuit 6. After the generation of plasma, the high-frequency 
power applied to the substrate holder is controlled so that 
plasma parameters (an electron density, ion density, radical 
density, electron density, plasma potential, floating 
potential, self -bias occurring on the surf ace of the substrate 
or substrate holder, or the like) may be kept constant, or a 
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combination of these parameters (e.g. , a difference between a 
plasma potential and a self -bias) may be kept constant. Or the 
high-frequency power itself is kept constant. 
[0010] 

By using the unit and processing method described above, 
hydrogen processing was done on poly-SiTFT formed on a quartz 
substrate. The processing conditions were the substrate 
temperature of 250° C, a 100% hydrogen gas, and a gas pressure 
of lOOPa. Constant high-frequency power of 0.01W/cm 2 was 
applied to the substrate holder. A processing speed improved 
twice as much compared to the conventional processing done by 
applying similar power to a high-frequency electrode 11 (shown 
in Fig. 3) . Even the conventional method can obtain a doubled 
processing speed if high-frequency power to be applied is 
sharply increased, which, however, exerts adverse effects at 
the same time, such as sputter generation, shifting of TFT 
properties due to a plasma damage, and the like, and therefore, 
it is desirable that high-frequency power is low if possible. 
[0011] 

Now, a description of another embodiment is given. Fig. 
2 shows a typical view of another embodiment of this invention. 
It is a bird- eye view of the vacuum chamber 1 and the substrate 
holder 3. The substrate 2 is fitted on the substrate holder 
3 , so that it turns around the same concentric axis as that of 
the cylindrical vacuum chamber 1 as a rotational shaft which 
is the very device structure that aims at so-called carrousel 
type bulk handling. The conventional hydrogen plasma 
processing unit has further been provided with a high-frequency 
electrode on part of the cylindrical vacuum chamber 1 , to which 
high-frequency power has been applied to do hydrogen plasma 
processing. However, if that is the case, the substrate 2 is 
exposed to plasma only when the substrate 2 passes in front of 
the high-frequency electrode (not shown), and accordingly, a 
total amount of time that one substrate 2 is exposed to plasma 
is short, so that a longer processing time is needed. For the 
hydrogen plasma processing unit according to this invention. 
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since high-frequency power is applied to the substrate holder 
3 that supports the substrate 2, the substrate 2 is constantly 
exposed to plasma not only for the same reason as described in 
the above embodiment but also because plasma is generated on 
all the circumference of the polygonal substrate holder 3 . 
Accordingly, the substrate 2 is constantly bathed in plasma, 
thus making it possible to substantially reduce the processing 
time. Further, its device structure is simple compared to the 
conventional one. 
[0012] 

As described above, use of the present invention makes 
it possible to control the density of charged particles 
(electron, ion) , the energy of the charged particles colliding 
into the substrate, and the like near the substrate since 
high-frequency power is directly applied to the substrate 
holder that supports the substrate, and as a consequence, the 
plasma density can be increased, and the energy for reaction 
on the surface of the substrate can be raised. 
[0013] 

In consequence, this invention has the effect of 
accelerating the hydrogen plasma processing time. 
[0014] 

Moreover, the effect of the unit itself becoming simple 
is also obtainable. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 is a typical view of one embodiment of a hydrogen 
plasma processing unit according to the present invention. 

FIG . 2 is a typical view of another embodiment of a 
hydrogen plasma processing unit according to the present 
invention. 

FIG. 3 is a typical view of a conventional plasma 
processing unit. 
[DESCRIPTION OF NUMERALS] 
1: VACUUM CHAMBER 

2 : SUBSTRATE 
3: SUBSTRATE HOLDER 
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4, 12: INSULATORS 

5: HIGH-FREQUENCY POWER SUPPLY 

6: HIGH-FREQUENCY MATCHING CIRCUIT 

7: EXHAUST PORT 

8: GAS INLET PORT 

9 : HEATER 

11: HIGH-FREQUENCY ELECTRODE 
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FIG. 2 
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FIG. 3 



